To determine the rate of agreement among five retina specialists in classifying various angiographic features of subfoveal choroidal neovascularization (CNV) secondary to age-related macular degeneration (AMD), as evaluated on printed digital fluorescein angiogram (FA) frames, as well as determination of eligibility for photodynamic treatment (PDT) according to established guidelines.
S
ince the large prospective Treatment of Age-Related Macular Degeneration With Photodynamic Therapy and Verteporfin in Photodynamic Therapy studies, photodynamic treatment (PDT) with verteporfin has become well established for treatment of patients with choroidal neovascularization (CNV) secondary to age-related macular degeneration (AMD). [1] [2] [3] In these clinical trials, eligibility for treatment was determined by identification of CNV leakage on fluorescein angiograms (FAs). Therefore, current clinical practice requires accurate interpretation of FAs of patients with CNV, including determination of lesion location, lesion composition with regard to percentage of classic component and extent of leakage, and total lesion size, all of which are crucial for appropriate application of treatment guidelines, especially with respect to initial treatment decision. 4 This study was carried out before the VEGF Inhibition Study in Ocular Neovascularization Clinical Trial Group 5 demonstrated benefit for treatment of patients with various patterns of CNV secondary to AMD in terms of chance for stable vision over 54 weeks, irrespective of CNV composition. However, a retrospective analysis of treated subgroups with early subfoveal CNV, 6 defined either as lesion size of Յ2 disk areas and absence of scarring or atrophy or as occult with no classic CNV and without associated lipids, showed superior visual outcome in terms of chance of avoiding severe visual loss and chance of gaining letters. Accordingly, morphologic patterns of CNV on FAs are considered critical for proper application of current treatment guidelines and for providing better chance of timely treatment.
CNV may exhibit variable angiographic features on FAs. Although angiographic criteria of classic and occult CNV were defined in the Macular Photocoagulation Study [7] [8] [9] [10] and those criteria are applied internationally, the interpretation is subjective and may differ among different retina specialists.
So far, there have been only few reports of reproducibility in assessing CNV in large series of stereoscopic angiogram films or digital angiograms. [11] [12] [13] The aim of our study was to determine the variability among five retina specialists in classifying various angiographic features of subfoveal CNV secondary to AMD demonstrated on digital nonstereoscopic FAs as well as the rate of agreement on derivative therapeutic decisions.
Materials and Methods
Ninety-two digital FAs of 77 patients demonstrating subfoveal CNV secondary to AMD, before and after PDT, were evaluated. The angiograms were obtained randomly from the charts of patients attending the Retina Unit of the Tel Aviv Sourasky Medical Center (Tel Aviv, Israel) who were previously diagnosed as having CNV secondary to AMD and designated accordingly in an electronic database. All angiograms, obtained by one photographer, were digital photographs with a 30°field using the Heidelberg HRA camera. An independent ophthalmologist who was not included among the graders (S.Z.-S.) reviewed the angiograms for purpose of verification of diagnosis only. All consecutive angiograms appearing to demonstrate CNV were included in our study. Three pairs of nonstereoscopic printed pictures (early-, middle-, and late-phase frames) were chosen of each angiogram. Five retina specialists (M.G., Y.Y., R.A.-S., A.P., J.M.) reviewed the angiograms separately and were asked to evaluate several parameters. The location of the neovascular complex could be graded as subfoveal, juxtafoveal, or extrafoveal. The lesion composition was classified into 1 of 4 possible categories: no classic component, 0 to 50% classic component, predominantly classic, or 100% classic component. Each grader was asked to determine eligibility of every case to PDT according to established treatment guidelines adopted from the recommendations of the Verteporfin Roundtable Participants 4 as follows: lesion composition-predominantly classic CNV, occult with no classic CNV with presumed recent disease progression, or relatively small minimally classic lesions; CNV location-subfoveal or so close to the foveal center that conventional laser photocoagulation treatment almost certainly would extend under the center; and lesion size-Ͻ4 Macular Photocoagulation Study disk areas for minimally classic CNV or occult with no classic lesions. In addition, each grader had to determine eligibility for PDT according to national health insurance guidelines, derived from the cited international guidelines, and according to his own personal judgment and experience.
The classification of each grader was recorded on a standardized evaluation form. Statistical analysis was performed using the coefficient of concordance test 14 to calculate the interobserver agreement regarding the categorical variables as well as the Kendall coefficient of concordance test to calculate the interobserver agreement regarding the ordinal variables. 15 Both indices apply to discrete ordinal data, where only takes into consideration possible random agreement between observers and therefore is expected to yield overall lower levels of agreement. The range of calculated values is 0 to 1, where 0 indicates poor (Table 1) . No institutional review board approval was required by our institution when this retrospective study was conducted.
Results
Ninety-two FAs of 77 patients (27 men and 50 women) were interpreted in our study. The coefficient of concordance calculated for all five observers regarding CNV localization was 0.285, indicating fair agreement. Regarding determination of lesion composition, the coefficient of concordance calculated for all five observers was 0.295, indicating fair agreement, while the calculated Kendall coefficient of concordance was 0.606, indicating substantial agreement (Fig. 1) . A possible explanation for the difference between the results of these two tests relates to the test's property to consider possible random agreement between observers, therefore yielding lower levels of agreement when a certain category has a higher incidence than the others (because then the "chance" of agreement increases). The rate of each classification determined overall for the lesion composition ranged from 6% to 38%, a finding that could possibly explain the low coefficient compared with the Kendall coefficient (Table 2) .
Only slight agreement among all graders was found regarding eligibility for PDT according to established international guidelines, indicated by both the coefficient of agreement (0.163) and the Kendall coefficient (0.369). Similarly, agreement upon eligibility for PDT according to each grader's own personal judgment was also found to be slight, as the calculated coefficient was 0.164 and the Kendall coefficient was 0.394 (Fig. 2) . Fair agreement regarding eligibility for PDT according to national health insurance guidelines was indicated by both the test (0.330) and the Kendall test (0.473).
We further studied the number of cases for which at least three graders gave identical answers concerning each evaluated parameter (Table 3) , to better assess the rate of "majority agreement" among the graders.
Concerning CNV localization, agreement among 3 graders was noted in 85 (92%) of cases, agreement among 4 graders was noted in 75 (81%) of cases, and full agreement among all 5 graders was noted in 52 (56%) of cases. In 70 FAs (76%) that were studied, there was agreement among 3 graders regarding the 4-step classification of the lesion composition, and in 44 (47%), there was agreement among 4 graders; in as little as 8 studied FAs (8%), there was agreement among all 5 graders. The individual grader participation in the majority opinion on lesion composition ranged from 67% to 80% (specifically, 67%, 76%, 76%, 77%, and 80%). Overall, no higher agreement rate was found between certain graders than between others in terms of interpretation or therapeutic decisions. We further analyzed 22 FAs for which there was no "majority agreement" on lesion composition. Because no "gold standard" modality enables determination of the definite classification, only a qualitative description of the characteristics can be given. Overall, the lesions appeared to demonstrate a decreased leakage with respect to FAs for which there had been wider agreement.
The range of agreement upon eligibility for PDT according to the various guidelines found in all cases was 93% to 95% among 3 graders, 55% to 66% among 4 graders, and 19% to 32% among all 5 graders (Table 3) .
Discussion
Treatment of neovascular AMD with PDT has been shown in controlled clinical trials [1] [2] [3] to reduce the risk of moderate and severe visual loss in patients with predominantly classic CNV and with occult CNV at baseline. Because these studies enrolled patients according to FA features of CNV, proper application of the established recommendations for PDT necessitates accurate interpretation of FA.
Our results show that significant variability among retina specialists interpreting FAs does exist. We found only fair concordance among all readers regarding CNV localization, as well as regarding classification of the lesion composition. We also found only slight to fair agreement upon eligibility for PDT according to the different guidelines. Similarly, the portion of cases for which agreement of the majority of graders was noted regarding eligibility for PDT was 55% to 66% among 4 graders and 19% to 33% among all graders, indicating slight to moderate overall agreement.
There are limited data in the published literature regarding reproducibility and interobserver variability of interpretation of angiographic patterns of CNV secondary to AMD. Friedman and Curtis 11 evaluated the agreement rate among 21 retina specialists in classifying 6 nonstereoscopic film FAs demonstrating CNV secondary to AMD. Similarly to our results, they reported interobserver agreement upon CNV types in the range of a perfect concordance for a small classic membrane to near random classification for a complex pattern. These investigators concluded that the agreement was better for membrane type than for membrane size, with coefficients of 0.64 and 0.4, respectively.
Kaiser et al 12 investigated evaluation of stereoscopic positive film FAs of six patients treated according to the Treatment of Age-Related Macular Degeneration With Photodynamic Therapy study protocol by eight graders. Each grader was asked to determine whether the CNV lesion at baseline was predominantly classic and whether persistence of leakage was present on follow-up angiograms. In grading initial Fig. 2. A, B, C and follow-up visit angiograms, the overall concordance rates were 81% and 82%, respectively. However, in their study, all graders were either Treatment of Age-Related Macular Degeneration With Photodynamic Therapy study investigators or participants of a fundus imaging reading center; therefore, it might be expected that their results would reflect larger homogeneity in interpretation of FAs than would be found among wider population of practitioners. Holz et al 13 determined intraobserver and interobserver variation for classifying types of CNV secondary to AMD among 16 retina specialists, who were presented with 40 nonstereo digital FAs and asked to determine the membrane type. They reported statistic results as well as interclass correlation coefficients for interobserver variation. The reported mean coefficient Ϯ SD was between 0.4 Ϯ 0.05 and 0.37 Ϯ 0.05, indicating fair to moderate overall agreement.
Several factors may have limited our results in comparison with the previous published reports. Because film-based angiography allows better stereoscopic viewing than digital imaging, 16 analyzing printed digital photographs rather than stereoscopic film FAs in our study might have limited assessment of subretinal fluid and elevation of the retinal pigment epithelium as well as their extent and therefore might have potentially resulted in more variable interpretation and lower overall agreement. Good quality stereo images are now reported to be obtainable with digital systems as well, and new digital fundus imaging systems will continue to improve stereoscopic viewing in the future, 16 possibly improving uniformity in interpretation of FAs. Furthermore, as was the practice in earlier studies, [11] [12] [13] our graders were asked specifically to base their decisions only upon FA interpretations, rather than to use them as an adjunct to clinical funduscopic examination, and without referring to clinical parameters, such as patient symptoms, disease course, and visual acuity. The overall low level of agreement between graders for interpretation of FAs and decision making found by us and by others may raise questions on the role of fluorescein angiography used solely in determination of treatment eligibility among the practicing community at large. It is possible that additional modalities, such as optical coherence tomography, may be required to more accurately define subsets of angiographic patterns of CNV and to determine treatment eligibility. 17, 18 In conclusion, our results indicate no better than a moderate agreement rate among retina specialists interpreting digital FAs demonstrating CNV. Because current guidelines for PDT for patients with AMD depend to some extent upon interpretation of FAs, this variability should be taken in consideration in the assessment of treatment guidelines. It is fortunate that the use of newer and more efficacious treatments is less dependent on FA characteristics.
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